Abstract. We introduce the concepts of interval-valued fuzzy subgroups [resp. normal subgroups, rings and ideals] and investigate some of it's properties.
Introduction
In 1986, Atanassuv [1] introduced the concept of intuitionistic fuzzy sets as a generalitation of fuzzy sets introduced by Zadeh [13] , After then, Banerjee and Basnet [3] , and Hur et. al [8, 9] applied it to algebra. Ç oker [5, 6] studied intuitionistic fuzzy topological spaces.
In 1975, Zadeh [14] suggested the notion of interval-valued fuzzy sets as another generalization of fuzzy sets. After that time, Biswas [4] applied it to group theory, and Gorzalczany [7] suggested a method of inference in approximate reasoning by using interval-valued fuzzy sets. Moreover Montal and Samanta [12] introduced the concept of topology of interval-valued fuzzy sets and investigate some of it's properties. Recently, Hur et. al [10] studies interval-valued fuzzy relations in the sense of a lattice theory. In this paper, we introduce the concept of intervalvalued fuzzy subgroups [resp.normal subgroup, rings and ideals] and investigate some of it's properties.
Preliminaries
Definition 2.1 [7, 14] . A mapping A : X → D(I) is called an intervalvalued fuzzy set(is short, Definition 2.1 [1, 9] . Let X be a set. A complex mapping A = (µ A , ν A ) : X → I × I is called a intuitionistic fuzzy set(in short, IFS ) in X if µ A (x) + ν A (x) ≤ 1for each x ∈ X, where the mappings µ A : X → I and ν A : X → I denote the degree of membership(namely µ A (x)) and the degree of nonmembership(namely ν A (x)) of each x ∈ X to A, respectively. in particular, 0 ∼ and 1 ∼ denote the intuitionistic fuzzy empty set and intuitionistic fuzzy whole set in X defined by 0 ∼ (x) = (0, 1) and 1 ∼ (x) = (1, 0) for each x ∈ X, respectively.
We will denoted the set of all the IFSs in X as IFS(X). (a) f • g = 1 IFS(X) , i .e., f (g(B)) = B, ∀B ∈ IFS(X).
Definition 2.2 [7] . An IVFS A is called an interval -valued fuzzy point(in short, IVFP ) in X with the support x ∈ X and the value
We will denote the set of all IVFPs in X as IVF P (X) . 
Definition 2.4 [7] . Let A ∈ D(I) X and let x M ∈ IVF P (X). Then:
is called the support of A and is denoted by S(A).
(
It is obvious that
(ii) the preimage of B under f , denoted by f −1 (B), is an IVFS in Y defined as follows: For each y ∈ Y ,
and
.
It can be easily seen that
Result 2.C [7, Theorem 2] . Let f : X → Y be a mapping and g : Y → Z be a mapping. Then:
3. Interval-valued fuzzy subgroupoids 
Definition 3.1 [8] . Let X, • be geoupoid and let A, B ∈ IFS (X ). Then the intuitionistic fuzzy product of A and B, A • B, is defined as follow :
For any x ∈ X, * and Kul Hur * *
Remark 3.1. By Result 2.A, Definition 3.1 is reduced to Definition 3.1 and the reverse holds.
For each z ∈ X, we may assume that ∃u, υ ∈ X such that uυ = z, x M (u) = 0 and y N (v) = 0, without loss of generality. Then
The following is the immediate result of Definition 3.1.
Proposition 3.3. Let (X, •) be a groupoid, and let "•" be same as above. 
We will denote the IVGPs in G as IVGP(G).
Remark 3.4. (a) If
A is a fuzzy groupoid in a group G in the sense of Liu [11] (
From Proposition 3.5, we can define an IVGP in G as follows.
It is clear that 0, 1 ∈ IVGP(G).
The following is the immediate result of Definition 3.4 .
Proposition 3.7. Let T ∈ P(G), where P(G) denoted the set of all subsets of G. Then A = [χ T , χ T ] ∈ IVGP(G) if and only if T is a subgroupoid of G, where χ T is the charecteristic function of T.
On the other hand,
Since f is surjective, ∃ x, x ∈ G such that f (x) = y, f (x ) = y , and
This is a contradiction from the fact that A ∈ IVGP(G).
(c) It can be easily seen that
proof . Let y, y ∈ G . Then we can consider four cases:
We prove only the case (i) and omit the remainders. Since A has the sup-property, ∃x 0 ∈ f −1 (y) and
and 
It is clear that if
The following is the immediate result of Definition 3.12. 
Interval-value fuzzy subgroups
We will denote the set of all IVGS of G as IVG(G).
Example 4.1. Consider the additive group (Z, +). We define a mapping
, and 
The
The followings can be easily seen from Definitions 3.1 and 4.1. (a) A(
Proposition 4.4. Let G be group and let
where e is the identity of G. Proof. Let T ⊂ G. Since G A has finite index, let the index [G :
Hence A has the sup property. 
Proof. Let A and B be proper IVGs of a group
In either cases, this is a contradiction. This completes the proof.
Proposition 4.9. If A is an IVGP of a finite group G, then A ∈ IVG(G).
Proof. Let x ∈ G. Since G is finite, x has the finite order, say n, Then x n = e, where e is the identity of G.
Proposition 4.10. Let A be an IVG of a group G and let x ∈ G. Then A(xy) = A(y), for each y ∈ G if and only if A(x) = A(e).

Proof. (⇒):Suppose A(xy) = A(y) for each y ∈ G. Then clearly A(x) = A(e). (⇐):Suppose A(x) = A(e). Then, by Result 4.A, A L (y) ≤ A L (x) and
On the other hand, by Result 4.A, 
Since A has the sup property, there exists an 
Since x is the sum of 1's and 1 is the sum of x s, Case(i) Suppose x = 0, y = 0 and x = y. Then, by the hypothesis,
Case(ii) Suppose x = 0 and y = 0. Since x−y = 0, by the hypothesis,
Case(iii) is the same as Case(ii). Case(iv) Suppose x = 0, y = 0 and x = y.
Definition 4.13. Let G be a groupoid and let A ∈ IVS(G). Then A is called an:
(3) interval-valued f uzzy ideal (in short, IV I) of G if it is both an IFLI and an IFRI.
We will denote the set of all IVLIs[resp. IVRIs and IVIs] of a groupiod G as IVLI(G)[resp. IVRI(G) and IVI(G)].
It is clear that A ∈ IVI(G) if and only if and only if for any
Moreover, an IFI(resp. IFLI, IFRI) is an IVGP of G. Note that for any A ∈ IVGP(G), * and Kul
for each x ∈ G, where x n is any composite of x s. Proposition 4.14. The IVLIs (resp. IVLIs, IVRIs) in a group G are just the constant mappings.
Proof. Suppose A is an constant mapping and let x, y ∈ G. Then
Hence A is a constant mapping. 
Interval-value fuzzy normal subgroups
We will denote the set of all IVNGs of a group G as IVNG(G). It is clear that if G is abelian, then A ∈ IVNG(G), ∀A ∈ IVG(G). The following is the immediate result of Definitions 3.1 and 5.1.
Proposition 5.2. Let A ∈ D(I) G and let B ∈ IVNG(G). Then
Proof. By Definitions 3.1 and 3.4, it can be easily seen that 
It is clear that if
On the other hand
6. Interval-valued fuzzy subrings and ideals (ii) A is an IVGP in R with respect to the operation "·"(in the sense of Definition 3.4 or Definition 3.4 ).
We will denote the set of all IVRs of R as IVR(R). 
The following is easily seen. Definition 6.4. Let R be a ring and let0 = A ∈ IVR(R). Then A is called an:
(3) interval-valued f uzzy ideal (in short, IF I) in X if it both an IVLI and an IVRI in R.
We will denote the set of all IVLIs [resp. IVRIs and IVIs] of a ring R as IVLI(R)[resp. IVRI(R) and IVI(R)]. 
Case(iii): Suppose x = 0 and y = 0. Then
Case(iv): It is similar to case(iii).
In all, A ∈ IVI(R). This completes the proof. 
